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Fifty patients with 117coronary bypass grafts were stud-
ied by contrast-enhanced computed tomography at an
average of 5 ± 4 days after surgery to determine if this
technique was a feasible method for detecting early post-
operative graft occlusion. The study was limited in only
three patients because of incisional chest pain (one pa-
tient) or multiple metal clips attached to the graft (two
patients). The distal patency of sequential grafts cannot
be determined by current techniques. There was a lower
graft patency rate (70%) in the 10 patients with periop-
erative myocardial infarction than in the 40 (95%) with-
out (p < 0.025), but most regions of infarcted myocar-
dium were perfused by patent grafts. There were eight
Angiographic studies performed soon after coronary artery
bypass surgery have demonstrated an early graft patency
rate of 82 to 94% (1-3) . Becauseearly graft occlusion may
be silent or associated with diverse signs and symptoms
such as angina (4), postoperative myocardial infarction (5,6),
hemodynamic changes (7), coronary artery spasm (8,9) or
no symptoms, a noninvasive assessment of graft patency
would be useful. Noninvasive methods for evaluating graft
patency include exercise electrocardiography (10,11), ex-
ercise thalliumscintigraphy(12-15) and Dopplertechniques
(16,17), but all lack sensitivity, specificity or applicability
to the patient in the very early postoperative period.
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graft occlusions in eight patients. The graft occlusion
rate (30%) was significantly higher (p < 0.025) in grafts
with intraoperative flows less than 45 ml/min. The post-
operative complications of myocardial dysfunction, ar-
rhythmia and coronary artery spasm did not correlate
with graft occlusion. Early graft occlusion is uncommon
(7%) and usually occurs in grafts with low flowsor severe
distal disease (seven of eight grafts), or both. Thus, the
need for early reoperation is very infrequent. It is con-
c1uded that contrast-enhanced computed tomography is
feasible for the assessment of coronary bypass graft pat-
ency. Because early graft occlusion is unusual the tech-
nique may be an ideal noninvasive screening method .
Recently, we (18) and others (19-21) demonstrated the
usefulness of contrast-enhanced computed tomography for
assessing coronary artery bypass graft patency. Using a fast
body scanner, we found that contrast-enhanced computed
tomography hada 94% sensitivity and92% specificity (18,22).
The primary purpose of this study was to test the feasibility
of assessing graft patency by contrast-enhanced computed
tomography in the very early postoperative period and to
determine if the detection of early graft occlusion by this
method wouldaid in early surgical salvage. In addition, the
study provided the opportunity to correlate graft patency
with intraoperative measurements of graft flow and early
postoperative complications.
Methods
Study protocol. Forty-three consecutive patients ad-
mitted for coronary artery bypass graft surgery were inter-
viewed, examined and asked to give informed consent to
participate in the study, which was approved by the Com-
mittee on Human Research. Standard techniques were em-
ployed including the use of cold potassium cardioplegic
arrest (23-25). Electromagnetic flowmeter measurements of
graft flow were performed just before closing the sterno-
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for 6 and internal mammary arteries for 2. The patency rate
for the 43 prospective patients (94%) was not significantly
different (probability [pI = 0.13) from that of the patients
evaluated because of perioperat ive myocardial infarction
90%).
Limitations of technique and interpretation. An im-
portant aim of this study was to determine the feasib ility of
performing contrast-enhanced computed tomography in very
early postoperative patient s. The 50 patients were studied
a mean of 5 ± 4 days after surgery (range 3 to 18). Each
Figure 1. A sequence of scans taken from a patient 5 days after
surgery. An intravenous contrast bolus injection demonstrates pro-
gressive enhancement of patent bypass grafts (arrows) to the left
anterior descending and diagonal coronary arterie s. They reach
peak enhancement coincident with peak ascending aorta enhance-
ment. The graft to the right coronary artery (open circle) does not
enhance with contrast medium. indicating occlusion. Note the
postoperative pericardial thickening anteriorly and the calcified
branching left coronary artery . The scanning format is the con-
ventional orientation with the sternum at the top and the patient's
right side displayed to the left of the figure. Each slice is I em
thick. All slices are at the same level and represent a dynamic
sequence of back to back scans. a = aorta ; la = left atrium; p
= pulmonary artery; s = superior vena cava.
tomy . After surgery , each patient was evaluated daily , and
symptoms, hemodynamic measurements and electrocardio-
graphic and scintigraphic findings were recorded. Computed
tomographic studies were performed as soon as possible
after transfer from the intensive care unit. Patients with
grafts determined to be closed by contrast-enhanced com-
puted tomography were evaluated by the attending card iac
surgeon and card iologist for possible early graft revision.
Patients were excluded from the study because of renal
failure , diabetes or previou s allergic reaction to contra st
agents. Limited scanner availability prevented studying some
otherwi se eligible patients. Seven additional patients who
were not originally enlisted in the study before their surgery
were referred by the attending surgeon for computed tom-
ographic assessment of graft patency because of postoper-
ative myocardial infarction . The se patients were also in-
cluded in this study.
Intraoperative flows. Graft flows were measured with
2 or 3 mm precalibrated electromagnetic flow probes (How-
ell Instruments). Flow readings that were not consistent on
duplicate reading s or from grafts that did not fit the flow
probes properly were not included in the study.
Computed tomographic method. A modified GE 7800
computed transmission tomographic scanner (General Elec-
tries Corp. ) was programmed for a 5250 over-scan in 3.4
seconds. Two overlapping 3600 images were generated from
each over- scan (26). Six consecut ive over-scans with a I
second interscan interval were performed during the hand
injection of a 25 ml bolus of iothalamate into an external
jugular or median antecubital vein, with the patient holding
full inspiration. The scanning protocol was performed at
two levels at least I em apart , near the base of the aorta,
and analyzed as previously described (18) . Graft patency
was assessed by two or more independent observers and a
consensus reading was reported. A series of sequential scans
shown in Figure I demon strate the contra st enhancement of
two patent grafts and the lack of enhancement in an occluded
graft.
Statistical analysis. Statistical analysis was performed
using the Fisher exact probability test for 2 by 2 contingency
tables where there were fewer than 5 units in one of the
cells (27) .
Results
Patients and grafts studied. Fifty patients with 117
grafts were studied. The patency of two grafts (1.7%) could
not be assessed because of extensive artifact s produced by
attached metal clips . Five grafts (4%) had multiple distal
anastomoses; these were counted as single grafts because
contrast-enhanced computed tomography can only evaluate
proximal graft patency. Therefore, 110 anastomoses of liS
grafts were evaluated for early postoperative patency (Table
I). Saphenous veins were used for 107 grafts. cephalic veins
Table l. Patient Group
Number
Male/female
Age (yr)
Early graft patency
Patients Stud ied
Prospectively
43
37/6
63 ::!: 11
94%; 89 of 95
Patients Referred
Postoperatively
7
6/1
63 ::!: 12
90%; 18 of 20
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Table 2. Graft Patency as Assessed by Computed Tomography
With and Without Myocardial Infarction
study was completed within 45 to 60 minutes. There were
no serious complications related to the procedure. One pa-
tient had a mild contrast reaction that was reversed with
intravenous diphenhydramine, Another patient experienced
incisional chest pain which prevented completion of the
scanning procedure, Computed tomographic scans were in-
terpretable in two patients even though sternal discomfort
required keeping their arms in the scanning plane. The scans
of two grafts, because of multiple surgical metal clips, were
not analyzed and only the proximal portions of seven se-
quential grafts could be evaluated (see earlier).
Perioperative myocardial infarction and graft occlu-
sion. In the 50 patients, there were 110 proximal graft
anastamoses for analysis. Ten perioperative myocardial in-
farctions were diagnosed in these patients. All myocardial
infarctions occurred in regions receiving a graft (Table 2).
Three of six right coronary artery grafts associated with an
inferior myocardial infarction were determined to be closed
by computed tomographic analysis. All circumflex or left
anterior descending grafts were patent in the four patients
with anterior or anterolateral myocardial infarction.
The graft patency rate of 70% in the 10 patients with
postoperative myocardial infarction was signficantly lower
than the 95% patency rate for 100 grafts in the 40 patients
without myocardial infarction (p < 0.025). Other clinical
incidents that may be important factors in perioperative
myocardial infarction occurred in the seven patients with
patent grafts (unstable angina in five patients, hypotension
during induction in two patients, postoperative hypotension
in two patients and postoperative hypertension in one patient.
Graft flow and graft occlusion. Seven of eight patients
with an early graft occlusion had intraoperative flows mea-
sured. Table 3 shows that early occlusion was significantly
(p = 0.025) associated with graft flows of less than 45 mil
min. Three of five closed right coronary artery grafts were
associated with new inferior myocardial infarction. All other
closed grafts occurred in patients without evidence of peri-
operative myocardial infarction,
Postoperative complications and graft patency. Three
patients had postoperative ventricular tachycardia requiring
antiarrhythmic treatment; all II grafts were patent in these
three patients. Two patients had transient ST segment ele-
vation that suggested coronary artery spasm. Subsequent
computed tomographic studies showed all grafts to be pat-
Graft Status
Open
Closed
Total
*p < 0.025.
MI = myocardial mfarction
Regions
WIlhMI
7 (70%)*
3
10
Regions
Without MI
95 (95%)*
5
100
Table 3. Early Occlusion Rate in Relation to Intraoperative
Graft Flow
Graft Flow
Graft Status
Occlusion
(rnl/rrun) Open Closed Rate*
20 to 44 8 4 30'k
45 to 250 47 3 6'k
Total 55 7 36%
*p = 0.025.
ent. Six patients had post-bypass left ventricular dysfunction
requiring treatment. Three of these patients had an associ-
ated perioperative myocardial infarction. Only I of the 18
grafts in these six patients was found to be occluded by
contrast-enhanced computed tomography; this was in a pa-
tient without acute infarction.
Early graft salvage. A major objective of this study
was to determine if contrast-enhanced computed tomogra-
phy would improve the recognition of early graft occlusion
and increase graft salvage by early reoperation. Of eight
occluded grafts, intraoperative flow was measured in seven.
Four of these grafts had low flow (20 to 40 ml/min) and
supplied a vessel that was free of distal disease. Two grafts
had moderate flow (45 to 75 ml/rnin), but supplied vessels
with severe distal disease. Thus, only I (0.9%) of 110 grafts
analyzed was a good candidate for salvage by early
reoperation.
Discussion
This study demonstrates that assessment of graft patency
by contrast-enhanced computed tomography in the very early
postoperative period (mean 5 days) is feasible and carries
no significant morbidity. Only one patient could not be
studied because of incisional chest pain. Most grafts (94%)
were capable of being evaluated by this technique, Only
sequential grafts with their multiple distal anastomoses or
grafts with many attached metal clips could not be satis-
factorily evaluated. We (18) and others (19) have demon-
strated that contrast-enhanced computed tomography has a
predictive accuracy for graft patency greater than 90%. The
early patency rate of 93% in our 50 patients is comparable
with the 89 to 94% patency rate reported by others (2-5)
using the standard angiographic methods. With continuing
improvement in scanner speed and image resolution, this
technique may become a useful noninvasive method for
early postoperative evaluation of bypass graft patency.
Perioperative myocardial infarction and graft pat-
ency. There was electrocardiographic, scintigraphic and
enzyme evidence of infarction in 10 patients. However,
patent grafts were found to be supplying the region of in-
farction in 7 of these 10 patients. Thus, early graft occlusion
was not the most frequent cause of perioperative myocardial
JACC V ol 2. No 2
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infarction. The lower graft patency rate of 70% in our 10
patients with perioperative myocardial infarction is similar
to the angiographic patency rate reported by others (28-
32). Also, Bulkley and Hutchins (33) and others (34.35)
have shown that perioperative myocardial infarction can be
demonstrated at autopsy in the myocardium supplied by a
patent graft. However. it is possible that in these seven grafts
there was distal graft occlusion or severe stenosis; yet prox-
imal graft enhancement was detected by computed tomog-
raphy. Thus, the early assessment of postoperative graft
patency by computed tomography may be useful in planning
later diagnostic tests and may also serve as a baseline for
later comparison studies initiated by the return of chest pain.
Graft flow and graft patency. Our study, like others
(36.37), demonstrates a significantly higher early graft oc-
clusion rate (30%) in grafts with intraoperative flows of less
than 45 ml/min. Intraoperative graft flow measurements have
been used to guide surgical revision of grafts. Unfortunately.
there are several difficulties with this technique. First. flows
may increase by as much as 100% within the first 24 hours
after bypass (38). Second, 60% of these low flow "high
risk" grafts do remain open (38). Third. to determine the
meaning of the low intraoperative flow measurements, the
surgeon must resort to intraoperative angiography. blind
probing of the graft or infusion of a vasodilator into the
graft (39). Fourth, vessel diameter. degree of vessel stenosis
and distal runoff may limit flow and lead to early graft
occlusion (40,4 1), and it may be impossible to differentiate
specifi cally from a faulty distal anastamosis by electromag-
netic flow probe without embarking on a time-consuming
course of graft revision at the time of operation.
As an alternative, contrast-enhanced computed tomog-
raphy may offer the concerned surgeon or cardiologist an
accurate noninvasive technique for serially evaluating by-
pass grafts with low intraoperative flows. With further de-
velopment of X-ray transmission computed tomography,
noninvasive measurementof graft flow will be possible (42).
Confirmation of graft patency with good flow would be
reassuring and most likely would affect the future manage-
ment of such patients.
Postoperative complications and graft patency.
Hemodynamic deterioration, arrhythmias (43) and coronary
artery spasm (8,9) have been associated with early post-
operative graft occlusion. Therefore. any of these events
soon after surgery may create concern about graft patency.
In our patients. computed tomography demonstrated 100%
graft patency in three patients with possible coronary artery
spasm. The noninvasive nature of computed tomography
makes it an ideal method for screening patients with com-
plicated postoperative courses for graft occlusion. Although
assessment of graft patency by this technique is not 100%
predictive, its accuracy is sufficient for it to be a valuable
adjunct to management of the coronary bypass patient.
Unusual grafts. Unusual graft arrangements such as Y-
grafts, sequential grafts. grafts with endarterectomy, grafts
of unusual material such as cephalic veins or grafts in un-
usual locations have been associated with early occlusion
(44-46). Our study demonstrates that patencyof some grafts
can be determined by computed tomography in the early
postoperative period (Fig. 2). However, the patency of mul-
tiple distal anastomoses of sequential grafts cannot be fully
evaluated by this technique.
Earl y graft salvage. The incidence of early graft oc-
clusion in our study was low (7%) and in only one instance
(0.9%) was the graft potentially worth salvaging. These
results make it difficult to advocate an aggressive search for
early graft occlusion by invasive angiography in the hope
of performing surgical revision (47). But recent investiga-
tions employing less invasive methods, such as streptokinase
thrombolysis (48) or balloon angioplasty (49) to correct
early graft occlusion. are likely to stimulate clinicians to
continue the search. Computed tomography may become a
useful tool for identifying patients most likely to benefi t
from these procedures.
Implications. Because early graft occlusion is infre-
quent. the potential of contrast-enhanced computed tomog-
raphy to noninvasively determine graft patency may make
it a useful tool to screen for patients most likely to benefit
from surgicalor nonsurgical methodsthat can salvagegrafts
that occlude soon after surgery. The technique may also be
useful for evaluating bypass patients whose clinical course
raises the question of graft occlusion. but in whom the
Figure 2. A contrast-enhanced bypass graft (ar rows) is shown
coursing in an unusual manner. posterior to the ascending aorta
(AA). DA = descending aorta: LA = left atrial appendage: PA
= pulmonary artery.
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surgeon is unwilling to recommend invasive angiography.
Although computed tomography has demonstrated a good
predictive accuracy for graft patency, it cannot replace the
more accurate and informative invasive graft angiography.
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